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It was aimed to determine the carriage rate of Staphylococcus aureus and the occurrence of methicillin
resistance, slime and adhesin genes in staphylococcal strains isolated from the nasal cavities of
multiple sclerosis (MS) patients. The presence of mecA and femA, and the genes implicated in adhesion
were determined by multiplex PCR in all strains. The femA gene was detected in 46.6% of 105 MS
patients. While 18.1% of isolates carried the mecA gene, 81.9% of isolates were negative for the mecA
gene. The presence of icaAlicaD genes was determined in a total of 84.8% of all strains. While 85.7% of
Staphylococcus epidermidis isolates were positive in terms of slime genes, this ratio was determined as
81.6% among the Staphylococcus aureus strains. The occurrence of cIfA gene was determined in 29 of
49 (59.2%) S. aureus isolates. Also, 45 out of 49 (91.8%) S. aureus was found to carry the fnbA gene. The
carriage rate of the cna gene was determined in 40 (81.6%) isolates among the 49 S. aureus strains. The
rate of methicillin resistance gene, slime production and the frequency of adhesin genes in MS patients
were also significantly higher than the healthy control population. Determination of the nasal S. aureus
carriers and the virulence of these strains will be important for prediction of the MS prognosis in these
patients. And treating these S.aureus carriers will be very useful in preventing MS relapses.
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INTRODUCTION

Multiple sclerosis is a chronic, autoimmune disease that
affects the central nervous system. The etiology of
multiple sclerosis is unknown. It is believed that CD4 +
Th1l cells play an important role in the occurrence of the
disease. It is characterized as lymphocyte and macro-
phage infiltration in patients with active lesions in the
brain (Rio et al., 2011).

Genetic predisposition, T cell activation and
environmental factors such as various infections have
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been implicated in the initiation of the autoimmune
disease. Microbial diseases are known to be the
important cofactors in autoimmune disease initiation and
persistence (Wucherpfennig, 2001). It was reported that
the presence of autoreactive T cells for the development
of MS is one of the most important factors (Mikulkova et
al.,, 2011). Infectious agents are reported to be
responsible for the activation of autoreactive T cells. In
previous studies, it has been shown that multiple
sclerosis exacerbations are frequently associated with
bacterial and viral infections (Oikonen et al., 2011; Tselis,
2011).

Infections caused by S. aureus are a growing public
health problem in our country as well as in other
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countries of the world. S. aureus is one of the major
pathogens which can cause various human infections
such as skin and soft tissue infections, and serious
infections (pneumonia, bloodstream infections, and bone
and joint infections) (Gorwitz et al., 2008).

The resistance to antibiotics in staphylococci has
emerged as a major public health problem. Especially,
the methicillin resistance is reported to be extremely
important in terms of human health. Most of
staphylococcal infections in humans are caused by
methicillin-resistant staphylococci (MRS). Nasal carriage
of methicillin-resistant S. aureus (MRSA) is reported to be
an important risk factor for staphylococcal infections
(Sedighi et al., 2011).

It is shown in various studies about S. aureus that nasal
colonization can cause an infection when the host-
pathogen balance is disturbed (Seybold et al., 2011).
Since MS patients have T lymphocyte function disorder
they are considered in immunocompromised or non-
immunocompetent group. For this reason, it is very
important to identify the MS patients colonized with S.
aureus. The knowledge of the bacteria and their virulence
is very critical for the prevention of infections, since one
of the main reasons which aggravate the MS attacks is
infection.

Limited studies were conducted in MS patients on nasal
S. aureus carriage in the literature. Previously, in a study,
it was showed that the rate of nasal carriage of S. aureus
in patient with MS was higher than in healthy persons
(Mulvey et al., 2011). Therefore, the nasal carriage and
subsequent dissemination of S. aureus in multiple
sclerosis patients is extremely important for triggering
multiple sclerosis relapses.

It was reported that bacterial virulence factors have an
important immunostimulatory capacity which can induce
relapses of autoimmune diseases (Schiffenbauer et al.,
1998). Adhesions [cIfA (clumping factor A), fnbA
(fibronectin-binding protein), cna (collagen binding
protein)] and slime production in S. aureus were shown to
be important bacterial virulence factors in a variety of
studies (Duran et al., 2010a). The isolates carrying the
adhesin and slime genes have been reported to cause
serious infections. Because of the dysregulated immunity
in MS patients, infections caused by virulent bacterial
strains in MS patients may cause serious consequences.
In these patients, such infections can trigger MS attacks.
Therefore, the determination of nasal carriage and
virulence determinants related with infection severity in
MS patients may help in preventing MS relapses.

Because of the dysregulated immune balance in
multiple sclerosis, we think that the occurrence of
adhesins, slime production and methicilline resistance in
S. aureus strains may mediate its pathogenicity. Taking
these into consideration, the aim of this study was to
determine the carriage rate of S. aureus and the
occurrence of methicillin resistance, slime and adhesin
genes in these strains isolated from the nasal cavities of
MS patients.

MATERIALS AND METHODS
Patients and bacteriological specimens

This study was carried out between March 2009 and June April 2011 in
Department of Microbiology and Clinical Microbiology, Medical Faculty
of Mustafa Kemal University, Hatay. This study was conducted with 105
MS patients who had the diagnosis of ,definite MS* according to Poser
and McDonald"s diagnostic criteria and a control group including 40
healthy individuals (Polman et al., 2005).

Nasal swap samples were taken from the nasal cavities of each
patient and healthy person for the isolation of staphylococci. A total
of 56 Staphylococcus epidermidis and 49 S. aureus isolates were
included the study. Informed consent was obtained from all
participants and the study protocol was approved by the ethics
committee. The identification of all staphylococci was made
according to conventional microbiological criteria. The identification
of all staphylococcal isolates was done on the basis of colony
morphology, Gram staining, biochemical tests such as catalase and
coagulase tests.

DNA isolation

For this purpose, all staphylococcal isolates were subcultured in
Brain-heart infusion broth obtained from Merck (Merck, Germany)
overnight with shaking at 37°C. The DNA isolation procedure was
carried out as previously described by Johnson et al. (1991). In
accordance with this procedure, staphylococcal strains were
harvested from the cultures by centrifugation at 3.000 x g for 10
min.

Then the cell pellet was resuspended with PBS (phosphate-
buffered saline) containing lysostaphin (100 pg/ml) (Sigma, USA),
and incubated at 37°C for 30 min. Nucleic acid extraction was
made using the classic phenol/chloroform extractions from all
staphylococcal samples, and the DNA was precipitated with
ethanol. The precipitate was dissolved in 50 pl of TE buffer (10 mM
10 mM Tris-Cl; 1 mM EDTA [pH 8.0], and stored at -20°C until
processing.

PCR detection of mecA and femA genes

Specific primers sequences for the mecA and femA genes were
selected from the study of Mehrotra et al. (2000) (Table 1). The
PCR amplification of the genes was performed in a 25 pl reaction
mixture. The PCR was performed under the following parameters:
The PCR mixture containing 2.5 pl 10x standard reactive buffer
[(without MgCl2) (Promega Corp.); 200 uM of each
deoxynucleoside triphosphate [AB Gene, UK], 3 mM MgCl2; 20
pmol of primers for femA and mecA, and approximately 10 ng of
template DNA, and brought up to a 25 L final volume with distilled
water. Reactions were started for 5 min at 94°C and placed on ice,
and 1 U of Taq polymerase (Fermentas, USA) was added.
Reaction mixtures were subjected to 35 PCR cycles (94°C for 2
min, 2 min at 55°C and 1 min at 72°C). A final elongation step at
72°C for 7 min was also applied in a thermal cycler (Bioder/Thermal
Blocks xp cycler, Tokyo Japan).

PCR detection of icaA and icaD genes

Specific primers sequences for the icaA and icaD genes were
selected from the study of Vasudevan et al. (2003) and Cramton et
al. (1999), respectively (Table 1). The amplification of the icaA and
icaD genes in all staphylococcal isolates was detected by multiplex
PCR assay. PCR and amplification conditions was achieved as in



Table 1. The oligonucleotide sequence and predicted sizes used in the multiplex PCRs.

Gene Primer Oligonucleotide sequence (5’-3’) Size of amplified product (bp)

femA fem A-1 AAAAAAGCACATAACAAGCG 132
fem A-2 GATAAAGAAGAAACCAGCAG

mecA mec A-1 ACTGCTATCCACCCTCAAAC 163
mec A-2 CTGGTGAAGTTGTAATCTGG

olf A clf A-1 CCGGATCCGTAGCTGCAGATGCACC 1000
clf A-2 GCTCTAGATCACTCATCAGGTTGTTCAGG

b A fnb A-1 GATACAAACCCAGGTGGTGG 101
fnb A-2 TGTGCTTGACCATGCTCTTC'

cna cha-1 AAAGCGTTGCCTAGTGGAGA 192
cna-1 AGTGCCTTCCCAAACCTTTT

. ica A-1 CCTAACTAACGAAAG GTAG

ica A . 1315
ica A-2 AAGATATAGCGATAA GTGC

ica b ica D-1 AAACGTAAGAGAGGT GG 381
ica D-2 GGCAATATGATCAAG ATAC

our previous study (Duran et al., 2010a). The existence of the icaA
and icaD genes was investigated in staphylococcal strains isolated
from the MS patients and healthy control groups and the reference
strains. To determine the expected bp lengths (381, for the icaD,
1315, for the icaA bp), DNA marker with defined molecular weights
in the range 100 to 2000 and reference strain were used. The PCR
products were analyzed in a 2% (w/v) agarose gel in 1XTAE buffer
(40 mmol/L, Tris-acetate, 1 mmol/L EDTA). Ethidium bromide (0.5
pg/mL TAE)-stained DNA amplicons were visualized using a gel
imaging system (Wealtec, Dolphin-View, USA).

PCR detection of fnbA, cna and clfA genes

The oligonucleotide primers for the fnbA, cna and clfA genes were
selected from the study of Arciola et al. (2005) and McDevitt et al.
(1995) (Table 1). The PCR amplification was carried out as in our
previously study (Duran et al., 2010a).

Slime production

For the determination of slime production, negative and positive
controls were studied at the same time. For this purpose, the slime-
producing reference strain of S. epidermidis (ATCC 35984) and
non-slime-producing reference strain of S. epidermidis (ATCC
12228) were selected as control strains. The slime production of the
strains was evaluated by the CRA (Congo Red Agar) plate test as
previously described by Freeman et al. (1989).

Statistical analysis

All data were analyzed with the Chi-square test, comparing the
frequency of virulence genes (slime production, mecA gene, and
adhesins) in staphylococci both the MS patients and healthy control

group. The p value <0.05 was considered significant. The statistical
analyses in the present study were done by using Statistical
Package for Social Sciences (SPSS1 for Windows V. 11.5,
Chicago, USA) software.

RESULTS

A total of 105 MS patients and 60 healthy persons were
included to this study. It was found that the isolation rate
of S. aureus was 46.7% (49/105), and the isolation rate
of S. epidermidis was 53.3% (56/105). As for the healthy
control group, the nasal carriage rate of S. aureus was
found to be 20% (12/60) in this group.

In this study, we investigated the rates of the adhesin
genes (fnbA, cna and clfA), methicilline resistance gene
and the slime genes (icaA and icaD) and phenotpically
slime production on CRA in all staphylococcal isolates.

The presence of icaAlicaD genes was determined in
84.8% (89/105) of all strains. The ratio of slime genes
was 85.7% (48/56) among the S. epidermidis and 81.6%
(40/49) among the S. aureus isolates (Figure 1). There
was no statistically significant difference between S.
epidermidis and S. aureus isolates in terms of the
presence of slime genes (p>0.05).

As for healthy control group, the presence of icaAlicaD
genes was determined in 35 isolates of 60 (58.3%)
strains. The ratio of slime genes was 56.3% (27/48)
among the S. epidermidis and 58.3% (7/12) among the
S. aureus isolates. Similarly to MS patients groups, it was
not observed a statistically significant difference between



Negative Control

- !

J—

T femA (132 bp)
|
mecA (163 bp)

e —

clfA (1000 bp)

ol
— G
i

Figure 1. Ethidium bromide-stained multiplex PCR products after gel electrophoresis for the mecA
and femA, icaA, icaD and clfA genes. Lane 1: DNA molecular size marker (100 bp ladder), Lanes

2: Negative control, Lane 3; femA (132 bp), Lane 4: mecA (163 bp), Lane 5: icaA (1315 bp), Lane

6, 9 and 10 (381 bp): icaD, Lane 7 and 8: clfA (1000 bp).
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Figure 2. Ethidium bromide-stained multiplex PCR products after gel electrophoresis for
the mecA, cna and clfA genes. Lane 1: DNA molecular size marker (100 bp ladder), Lanes
2: Negative control, Lane 3 and 4: mecA (163 bp), Lane 5 and 6: cna (192 bp), Lane 7:

clfA (1000 bp).

S. epidermidis and S. aureus isolates in terms of the
presence of slime genes (p>0.05).

The phenotypic expression of slime production was
evaluated by Congo red agar plate test. Slime production
in the isolated strains which have both icaA and icaD
genes was as follows: of the 105 strains, slime production
was found in 87 (82.9%, 87/105) isolates (Figure 2). This
ratio was determined as 80.4% (45/56) and 77.6%
(38/49) in S. epidermidis and S. aureus isolates,
respectively.

Frequency of the femA and the mecA genes

In this study, it was found that atotal of 49 (46.6%;

49/105) isolates (femA-positive) were S. aureus and that
the other 56 (53.3%; 56/105) (femA-negative) were S.
epidermidis (Figure 1). While a total of 19 (18.1%;
19/105) isolates carried the mecA gene (methicillin
resistance gene), 86 of 105 (81.9%) isolates were
negative for mecA gene. Whilst 8 of 49 (16.3%) S.
aureus strains carried the mecA gene and 12 of 56
(21.4%) were found in S. epidermidis isolates.

The frequency of adhesins genes (fnbA, cna and clfA)
In the present study, the occurrence of clfA gene was

determined in 29 of 49 (59.2%) S. aureus isolates (Figure
4). Also, 45 out of 49 (91.8%) S. aureus isolates analyzed
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Figure 3. Multiplex PCR amplification products by agarose gel electrophoresis for the
fnbA (191 bp) gene. Lane 1: DNA molecular size marker (100 bp ladder), Lanes 2:
Negative control, Lane 3 and 4: fnbA (191 bp).
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Figure 4. Multiplex PCR amplification products by agarose gel
electrophoresis for the fnbA (191 bp) gene. Lane 1: DNA molecular size
marker (100 bp ladder), Lanes 2: Negative control, Lane 3 and 4: fnbA (191

bp).

were found to carry the fnbA gene. The carriage rate of
the cna gene was determined in 40 (81.6%) isolates
among the 49 S. aureus strains. The frequency of the
clfA, fnbA and cna genes was determined as 33.3 (4/12),
58.3 (7/12) and 50% (6/12), respectively in the healthy
control group (Figures 3 and 4).

DISCUSSION

The front of the nasal mucosa in humans is the most
important area for the colonization of S. aureus. The
detection and treatment of nasal S. aureus carriers in
immunocompromised persons is vital. Any infection with



the microorganisms in their nasal mucosa via autoino-
culation may have serious consequences. It is very
important to know the nasal S. aureus carriage in MS
patients with T-cell dysfunction. To identify methicilline
resistance, adhesins and slime genes that are associated
with microorganism virulence in immunocompromised
patients such as MS is exremely important (Mikulkova et
al., 2011; Sedighi et al., 2011).

The rate of S. aureus nasal carriage in immuno-
compromised patients was found to be statistically higher
than in the healthy population. In a study conducted by
Ghasemian et al. (2010), the infection rates in
immunocomprimised hemodialysis patients was found to
be higher than in non-carriers (Ghasemian et al., 2010).
Since MS patients have impaired T lymphocyte function,
they are also considered in immunocompromised group.

In literature, there are a very limited number of studies
conducted on S. aureus nasal carriage in multiple
sclerosis patients. Furthermore, we could not find any
study where the methicillin resistance, slime production,
slime and adhesin genes were investigated in
staphylococcal strains isolated from MS patients.
Conducting such a study in MS patients is important to
emphasize staphylococcal infections (Mikulkova et al.,
2011).

In various studies, the correlation has been reported to
be a relationship between the frequency of MS attacks
and infections. The colonization of highly pathogenic S.
aureus strains (methicillin resistant, slime producing and
containing various adhesion genes) in these patients is a
potential risk for infection and, it may also cause an MS
attack (Tselis 2011; Duran et al., 2010a; Bach, 2005).

In a study conducted by Mulvey" et al. (2011) the rate
of nasal S. aureus carriage was found to be higher in MS
patients than in the healthy population. In our previous
study, the rate of S. aureus carriage was also higher in
the hemodialysis patients correlated with Mulvey® et al.
(2011) and Duran et al., (2006). In the present study,
nasal carriage rate was significantly higher in the MS
patients compared with the healthy (control) population.
S. aureus carriage rate was 46.6% in MS group while
healthy group had only 20% carriers. The nasal carriage
rate in MS patients was found statistically significantly
higher than in the control group (p< 0.01).

Nasal S. aureus carriage is the most important cause of
occurrence and spreading of staphylococcal infections.
The numbers of studies conducted on S. aureus nasal
carriage in patients with MS are very limited. There is
also a very rare study which focuses on methicillin
resistance, adhesine and slime genes in this patient
group. To know the rate of S.aureus carriage and to
determine the virulence genes with genotypic methods
instead of phenotypic ones will be an important progress
revealing the disease progression in MS patients. It is a
well known fact that MS attacks are aggravated with
infections (Gorwitz et al., 2008; Sedighi et al., 2011).

Determination of nasal S.aureus carriage and

methicillin resistance rates in isolated strains by nasal
swaps cultures has been reported to be important
(Ammerlaan et al.,, 2011). Methicillin resistance in
S.aureus strains also causes resistance to some
antibiotics which makes the treatment and control of the
infections of this microorganism. The mecA gene is
responsible for methicillin resistance in staphylococci.
PB2a is encoded by mecA gene and almost all MRSA
isolates produces an additional penicillin binding protein
called PB2a. PB2a has a lower affinity to beta-lactams
than PB2. Since MRSA isolates have lower affinity to
PB2a, they are also resistant to beta-lactam antibiotics. It
was reported that the methicillin resistance may vary
from region to region in various studies. It can even differ
in various clinics of the same hospital. For example,
MRSA nasal colonization in a study from the USA was
observed in 3.0% of outpatients (Jernigan et al., 2003). In
our country, a very low prevalence (1%) of MRSA nasal
carriage was reported, although the MSSA nasal carriage
rate was 8.8% among outpatients (Arabaci and Oldacay,
2008; Erdenizmenli et al., 2004). In this study, a total of
18.1% of the staphylococcal strains isolated from nasal
swab culture of MS patients was carrying the mecA gene
which was responsible for methicillin resistance.

In a study conducted in 2011, the correlation between
superantigen-producing S. aureus strains and multiple
sclerosis relapses were investigated in MS patients with
S.aureus nasal carriers. It was determined that S. aureus
strains isolated from MS patients were found to be more
virulent than the strains isolated from the healthy control
group. In various studies, a significant correlation
between the virulent S. aureus strains and MS relapses
was reported (Mulvey et al., 2011).

There are a number of factors that can play a role for a
triggering infection. Among these factors, microbial
factors, host factors and environmental factors can be
listed. It is considered that there are various virulence
factors belonging to the bacteria which play a role in the
development of the infection caused by bacteria.
Bacterial adhesins were reported to be one of the most
important factors initiating the infection in the host. One
of the most important virulence factors is slime
production in microorganisms. Slime factors play the
important role among the microbial factors in
staphylococci. Bacterial slime is a glycocalyx substance
that consists of 40% carbohydrate and 27% protein. It
has an extremely high antigenic structure. It is known that
slime producing strains are more virulent and resistant to
antibiotics. Besides, slime factor also supresses the
cellular immune response, and inhibits neutrophil
chemotaxis and phagocytosis (Duran et al.,, 2010b;
Montanaro et al., 1999).

In our study, phenotypically slime production was
detected in only 87 of the 105 (82.9%) staphylococcal
isolates in vitro. A total of 89 (84.8%; 89/105) isolates
were found to possess the icaAlicaD genes. In the
healthy group, a total of 23 (57.5%; 23/40) isolates were



positive for the icaAlicaD genes, all of these isolates
produced slime on CRA agar, phenotypically. There was
a statistically significant difference between these two
groups (MS and healty control group) in terms of slime
production (p<0.01).

Structure of the cell wall, capsule, surface proteins and
enzymes are the major factors which determine virulence
of the staphylococci. Collagen, fibronectin binding
proteins and clumping factor are surface proteins with
similar chemical structure and location. These proteins
are the most important factors for the colonization of the
staphylococci to the host tissues (Marraffini et al., 2006).

Cna is an important adhesin protein that helps the
attachment of microorganism to host cell surface. It was
shown to be in various studies that cna gene was an
important virulence factor in pathogenesis of septic
arthritis and bone tissue infections (Kouidhi et al., 2010;
Elasri et al., 2002). In our study, it was found that 81.6%
of MS patients carried this gene. It was determined that
the frequency of the cna gene was significantly higher in
strains isolated from MS patients compared to the healthy
population (50%) (p<0.01).

Colonization of S. aureus to host is the most important
factor affecting the pathogenesis of the diseases.
Staphylococci have some cell surface components on the
cell surface. These cell surface components have an
important role in the virulence of the microorganism. Cell
surface components have roles in binding to host cell,
occurrence of tissue damage in host tissue and in the
protection against the phagocytic activity of neutrophils
(Vergara-Irigaray et al., 2009; Sutter et al., 2011; Higgins
et al., 2006). CIfA is a surface adhesin protein of S.
aureus and increases the bacterial pathogenicity by
binding of bacterial cells to fibrinogen (Hair et al., 2008).

It was found that cIfA gene inhibited phagocytosis in the
absence of fibrinogen, and showed enhanced inhibition in
the presence of fibrinogen (Higgins et al., 2006). In our
previous study, the clfA was shown to be an important
virulence protein in S.aureus strains. In that study, we
identified the cIfA gene in more than half of S.aureus
strains isolated from the wounds samples. In the present
study, the occurrence rate of the clfA gene was detected
as 59.2% in MS patients. The frequency of the cIfA gene
in MS patients was statistically significantly higher than in
the control group (33.3%) (p<0.01). The findings of this
study about the cIfA gene were consistent with the earlier
reported studies (Duran et al., 2010b; Campoccia et al.,
2009).

As for fnbA proteins, they are one of the main virulence
factors of S. aureus cell wall (Schwarz-Linek et al., 2006).
It is also reported that the expression of the fnbA gene
also increases the biofilm production (O'Neill et al., 2009).

As reported in the literature, the fnbA gene was found
to be very frequent in S. aureus strains. In a similar study
carried out in 2011, we almost determined the fnbA gene
in S.aureus strains isolated from the patients treated in
the orthopedic unit. Similarly in this study, the fnbA ratio
was found as 91.8% in all patients included the study.

There was a statistically significant difference between
MS patients and the control group (p<0.001).

In this study, S. aureus carriage rate in MS patients
was found to be statistically significantly higher than in
the healthy control population. The rate of methicillin
resistance gene, slime production and frequency of
adhesin genes were also significantly higher in strains
isolated from the MS patients. Determination of the nasal
S. aureus carriers and the virulence of these strains will
be important for prediction of the MS prognosis in these
patients and treating these S. aureus carriers will be very
useful in preventing MS relapses.

ACKNOWLEDGEMENT

This work was supported by the Research Found of
Mustafa Kemal University.

REFERENCES

Ammerlaan HS, Kluytmans JA, Berkhout H, Buiting A, de Brauwer El,
van den Broek PJ, van Gelderen P, Leenders SA, Ott A, Richter C,
Spanjaard L, Spijkerman 1J, van Tiel FH, Voorn GP, Wulf MW, van
Zeijl J, Troelstra A, Bonten MJ (2011). Eradication of carriage with
methicillin-resistant ~ Staphylococcus aureus: determinants  of
treatment failure. J. Antimicrob. Chemother., 66(10): 2418-2424.

Arabaci FE, Oldacay M (2008). Saghk calisanlarinin burun
kulturlerinden izole edilen stafilokoklarda metisilin direnci ve slime
yapimi pozitifligi. Turk. J.Infect., 22(3): 165-168.

Arciola CR, Campoccia D, Gamberini S, Baldassarri L, Montanaro L
(2005). Prevalence of cna, fnbA and fnbB adhesin genes among
Staphylococcus aureus isolates from orthopaedic infections
associated to different types of implant. FEMS Microbiol. Lett.,
246(1): 81-86.

Bach JF (2005). Infections and autoimmune diseases. J. Autoimmun.,
25(Suppl): 74-80.

Campoccia D, Speziale P, Ravaioli S, Cangini I, Rindi S, Pirini V,
Montanaro L, Arciola CR (2009). The presence of both bone
sialoprotein-binding protein gene and collagen adhesin gene as a
typical virulence trait of the major epidemic cluster in isolates from
orthopedic implant infections. Biomater., 30(34): 6621-6628.

Cramton SE, Gerke C, Schnell NF, Nichols WW, Gotz F (1999). The
intercellular adhesion (ica) locus is present in Staphylococcus aureus
and is required for biofilm formation. Infect. Immun., 67(10): 5427-
5433.

Duran N, Dogramaci Y, Demir C, Ozer B, Kalaci A (2010b). Detection of
slime and methicillin resistance genes in Staphylococci isolated from
nasal samples of patients with orthopaedic implants. Med. Sci.
Monit., 16(8): BR271-277.

Duran N, Dogramaci Y, Ozer B, Demir C, Kalaci A (2010a). Detection of
adhesin genes and slime production among Staphylococci in
orthopaedic surgical wounds. Afr. J Microbiol. Res., 4(9): 708-715.

Duran N, Ocak S, Eskiocak AF (2006). Staphylococcus aureus nasal
carriage among the diabetic and non-diabetic haemodialysis patients.
Int. J. Clin. Pract., 60(10): 1204-1209.

Elasri MO, Thomas JR, Skinner RA, Blevins JS, Beenken KE, Nelson
CL, Smeltzer MS (2002). Staphylococcus aureus collagen adhesin
contributes to the pathogenesis of osteomyelitis. Bone 30(1): 275-
280.

Erdenizmenli M, Yapar N, Senger SS, Ozdemir S, Yuce A (2004).
Investigation of colonization with methicillin-resistant and methicillin-
susceptible Staphylococcus aureus in an outpatient population in
Turkey. Jpn. J. Infect. Dis., 57(4): 172-175.

Freeman DJ, Falkiner FR, Keane CT (1989). New method for detecting
slime production by coagulase negative staphylococci. J. Clin.
Pathol., 42(8): 872-874.



Ghasemian R, Najafi N, Makhlough A, Khademloo M (2010). Frequency
of nasal carriage of Staphylococcus aureus and its antimicrobial
resistance pattern in patients on hemodialysis. Iran J. Kidney Dis.,
4(3): 218-222.

Gorwitz RJ, Kruszon-Moran D, Mcallister SK, Mcquillan G, Mcdougal
LK, Fosheim GE, Jensen BJ, Killgore G, Tenover FC, Kuehnert MJ
(2008). Changes in the prevalence of nasal colonization with
Staphylococcus aureus in the United States, 2001-2004. J. Infect.
Dis., 197(9): 1226-1234.

Hair PS, Ward MD, Semmes OJ, Foster TJ, Cunnion KM (2008).
Staphylococcus aureus clumping factor A binds to complement
regulator factor | and increases factor | cleavage of C3b. J. Infect.
Dis., 198(1): 125-33.

Higgins J, Loughman A, Van KKP, Van SJA, Foster TJ (2006).
Clumping factor A of Staphylococcus aureus inhibits phagocytosis by
human polymorphonuclear leucocytes. FEMS Microbiol. Lett., 258(2):
290-296.

Jernigan JA, Pullen AL, Flowers L, Bell M, Jarvis WR (2003).
Prevalence of and risk factors for colonization with Methicillin
resistant Staphylococcus aureus in an outpatient clinic population.
Infect. Cont. Hosp. Ep., 24(6): 445-450.

Johnson WM, Tyler SD, Ewan EP, Ashton FE, Pollard DR, Rozee KR
(1991). Detection of genes for enterotoxins, exfoliative toxins, and
toxic shock syndrome toxin 1 in Staphylococcus aureus by the
polymerase chain reaction. J. Clin. Microbiol., 29(3): 426-430.

Kouidhi B, Zmantar T, Hentati H, Bakhrouf A (2010). Cell surface
hydrophobicity, biofilm formation, adhesives properties and molecular
detection of adhesins genes in Staphylococcus aureus associated to
dental caries. Microb. Pathog., 49(1-2): 14-22.

Marraffini LA, Dedent AC, Schneewind O (2006). Sortases and the art
of anchoring proteins to the envelopes of gram-positive bacteria.
Microbiol. Mol. Biol. Rev., 70(1): 192-221.

Mcdevitt D, Francois P, Vaudaux P, Foster TJ (1995). Identification of
the ligand-binding domain of the surface-located fibrinogen receptor
(clumping factor) of Staphylococcus aureus. Mol. Microbiol., 16(5):
895-907.

Mehrotra M, Wang G, Johnson WM (2000). Multiplex PCR for detection
of genes for Staphylococcus aureus enterotoxins, exfoliative toxins,
toxic shock syndrome toxin 1, and methicillin resistance. J. Clin.
Microbiol., 38(3): 1032-1035.

Mikulkova Z, Praksova P, Stourac P, Bednarik J, Michalek J (2011).
Imbalance in T-cell and cytokine profiles in patients with relapsing-
remitting multiple sclerosis. J. Neurol. Sci., 300(1-2): 135-141.

Montanaro L, Arciola CR, Baldassarri L, Borsetti E (1999). Presence
and expression of collagen adhesin gene (cna) and slime production
in Staphylococcus aureus strains from orthopaedic prosthesis
infections. Biomater., 20(20): 1945-1949.

Mulvey MR, Doupe M, Prout M, Leong C, Hizon R, Grossberndt A,
Klowak M, Gupta A, Melanson M, Gomori A, Esfahani F, Klassen L,
Frost EE, Namaka M (2011). Staphylococcus aureus harbouring
Enterotoxin A as a possible risk factor for multiple sclerosis
exacerbations. Mult. Scler., 17(4): 397-403.

Oikonen M, Laaksonen M, Aalto V, llonen J, Salonen R, Erdlinna JP,
Panelius M, Salmi A (2011). Temporal relationship between
environmental influenza A and Epstein-Barr viral infections and high
multiple sclerosis relapse occurrence. Mult. Scler., 17(6): 672-680.

O'neill E, Humphreys H, O'gara JP (2009). Carriage of both the fnbA
and fnbB genes and growth at 37 degrees C promote FnBP-
mediated biofilm development in methicillin-resistant Staphylococcus
aureus clinical isolates. J. Med. Microbiol., 58(Pt 4): 399-402.

Polman CH, Reingold SC, Edan G, Filippi M, Hartung HP, Kappos L,
Lublin FD, Metz LM, Mcfarland HF, O'connor PW, Sandberg-
Wollheim M, Thompson AJ, Weinshenker BG, Wolinsky JS (2005).
Diagnostic criteria for multiple sclerosis: 2005 revisions to the
“McDonald Criteria.” Ann. Neurol., 58(6): 840-846.

Rio J, Comabella M, Montalban X (2011). Multiple sclerosis: current
treatment algorithms. Curr. Opin. Neurol., 24(3): 230-237.

Schiffenbauer J, Soos J, Johnson H (1998). The possible role of
bacterial superantigens in the pathogenesis of autoimmune
disorders. Immunol. Today 19(3): 117-120.

Schwarz-Linek U, Hook M, Potts JR (2006). Fibronectin-binding
proteins of gram-positive cocci. Microbes Infect., 8(8): 2291-2298.
Sedighi |, Moez HJ, Alikhani MY (2011). Nasal carriage of methicillin
resistant Staphylococcus aureus and their antibiotic susceptibility
patterns in children attending day-care centers. Acta Microbiol.

Immunol. Hung., 58(3): 227-234.

Seybold U, Schubert S, Bogner JR, Hogardt M (2011). Staphylococcus
aureus infection following nasal colonization: an approach to rapid
risk stratification in a university healthcare system. J. Hosp. Infect.,
79(4): 297-301.

Sutter DE, Summers AM, Keys CE, Taylor KL, Frasch CE, Braun LE,
Fattom Al, Bash MC (2011). Capsular serotype of Staphylococcus
aureus in the era of community-acquired MRSA. FEMS Immunol.
Med. Microbiol., 63(1): 16-24.

Tselis A (2011). Evidence for viral etiology of multiple sclerosis. Semin.
Neurol., 31(3): 307-316.

Vasudevan P, Nair MK, Annamalai T, Venkitanarayanan KS (2003).
Phenotypic and genotypic characterization of bovine mastitis isolates
of Staphylococcus aureus for biofilm formation. Vet. Microbiol., 92(1-
2): 179-185.

Vergara-Irigaray M, Valle J, Merino N, Latasa C, Garcia B, Ruiz de Los
Mozos |, Solano C, Toledo-Arana A, Penades JR, Lasa | (2009).
Relevant role of fibronectin-binding proteins in Staphylococcus
aureus biofilm-associated foreign-body infections. Infect. Immun.,
77(9): 3978-3991.

Wucherpfennig KW (2001). Mechanisms for the induction of
autoimmunity by infectious agents. J. Clin. Invest., 108(8): 1097-
1104.



